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osting by EAbstract The applicability of a newly introduced non-anatomical soft and hard tissue cephalomet-
ric centroid line (S&H centroid) was investigated. The ‘‘S&H centroid’’ line established from
1200 · 1400 lateral cephalometric radiographs of 57 selected adults was used as a base to create a
new cephalometric reference line ‘‘Centroid-Nasion’’. The reliability and the use of the newly cre-
ated ‘‘Centroid-Nasion’’ as a reference line was tested against the conventional ‘‘Sella-Nasion’’
cephalometric reference line to evaluate the sagittal and vertical maxillary and mandibular relation-
ship. Pearson’s correlation coefﬁcient, one way ANOVA, and Tukey multiple comparison post Hoc
statistical tests were used. The digitization technique was reliable. The ‘‘Centroid-Nasion’’ cephalo-
metric reference line created by utilizing the ‘‘S&H centroid’’ line, was found to be as useful as the
conventional ‘‘Sella-Nasion’’ cephalometric plane in establishing and differentiating between sagit-
tal and vertical intermaxillary relationships.
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lsevier1. Introduction
Since the introduction of the centroid (Johnson, 1960), the use
of the centroid in cephalometric research has been reported by
many investigators (Johnson, 1978; Johnson and Hubbold,
1982; Trenouth, 1989, 1993, 2006; Fishman, 1997; Dolce
et al., 2005; Sarhan, 1983, 1986; Sarhan and Al-Balkhi,
1993). The reason for the interest in utilizing the concept of
the centroid in cephalometric research lies in that, mathemat-
ically it represents the least variable and the most stable point
of any area or volume that is increasing in size and/or changing
in shape. Thus, during growth it is considered the only non-
anatomical, mathematical point that is sufﬁciently ﬁxed in
relation to variable points. This mathematical fact led some
64 I.S. Al-Shahrani et al.to connect the centroids of the cranium, the facial (maxillo/
mandibular), and the whole bony skull to form the craniofacial
centroids (CFC) line, then investigated its stability and use as a
reference line (Johnson and Hubbold, 1982; Trenouth, 1989,
1993). Others utilized the basic principles of centroid orienta-
tion to establish a cephalomorphic centrographic analysis to
evaluate facial balance and harmony on an individualized basis
(Fishman, 1997). However, one article introduced a new cen-
troid line – ‘‘S&H centroid’’ – by connecting the soft and hard
tissues area centers of the outline of the skull (Al-Balkhi et al.,
2008). However, the reliability of the ‘‘S&H centroid’’ line and
it’s applicability was not investigated.
The aim of this study was to investigate the reliability and
applicability of the ‘‘S&H centroid’’ line in lateral cephalomet-
ric diagnosis.
2. Materials and methods
This prospective study was conducted after the approval of the
College of Dentistry Research Center Ethical Committee of
Human Studies # F1150.
The sample consisted of lateral cephalometric radiographs
size 1200 · 1400 obtained from 57 adult (18–25 years) subjects
in natural head posture. The subjects were selected upon the
following criteria:
Exclusion criteria: subjects with previous orthodontic treat-
ment, cast or extensive restorations involving cusp tips, exten-
sive cuspal or incisal attrition, ectopic tooth eruption, and
congenitally missing or extracted teeth (third molars not
included), were excluded.Figure 1 The centroid and conInclusion criteria: adult with permanent dentition, aestheti-
cally pleasing balanced proﬁle with competent lips, Class I
skeletal (ANB = 20 ± 2), bilateral Class I molar and canines,
normal overjet (2 mm± 2) normal overbite (2 mm± 2), no
excessive crowding or spacing and no anterior or lateral cross-
bites. From those lateral cephalometric images, the soft and
hard tissue centroid (S&H centroid) line was presented as pre-
viously reported by Al-Balkhi et al. (2008).
To investigate the reliability and applicability of the previ-
ously presented and reported ‘‘S&H centroid’’ line, a perpen-
dicular line was dropped from point Nasion (N) to the
‘‘S&H centroid’’ line as the perpendicular centroid point (C).
By connecting Nasion (N) with, (A-Point), similarly connect-
ing Nasion with (B-Point), the sagittal position of the maxilla
(A-Point) and the mandible (B-Point) can be evaluated by
measuring the angles; Centroid-Nasion-A-Point (C-N-A) and
Centroid-Nasion-B-Point (C-N-B), respectively, while the
difference between them, still represents their sagittal relation-
ship to each other (Fig. 1).
Evaluating the maxillary vertical skeletal relationship was
conducted by measuring the angle formed by the intersection
of the Centroid-Nasion (C-N) line, with the maxillary or pala-
tal plane (PP) to form the C-N/PP angle. Likewise, evaluating
the mandibular vertical skeletal relationship was conducted by
measuring the angle formed by the intersection of the C-N line
with the mandibular plane (MP) to form the C-N/MP angle,
while the difference between them (PP and MP) still represents
their vertical relationship to each other (Fig. 2).
The sagittal and vertical maxillary and mandibular
relationship were also investigated for the same sample byventional sagittal variables.
Figure 2 The centroid and conventional vertical variables.
Table 1 Correlation between original and re-digitized data.
No. r-Value Sig.
Pair 1
C-N-A original/C-N-A re-digitized 10 1 ***
Pair 2
C-N-B original/C-N-B re-digitized 10 1 ***
Pair 3
S-N-A original/S-N-A re-digitized 10 0.999 ***
Pair 4
S-N-B original/S-N-B re-digitized 10 0.999 ***
Pair 5
A-N-B original/A-N-B re-digitized 10 0.998 ***
Pair 6
PP-MP original/PP-MP re-digitized 10 0.995 ***
Pair 7
C-N/MP original/C-N/MP re-digitized 10 0.999 ***
Pair 8
S-N/MP original/S-N/MP re-digitized 10 0.998 ***
Pair 9
C-N/PP original/C-N/PP re-digitized 10 0.999 ***
Pair 10
S-N/PP original/S-N/PP re-digitized 10 0.995 ***
No. = number of cases.
r= Pearson’s correlation coefﬁcient.
Sig. = signiﬁcant.
***P< 0.000.
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cephalometric angles such as S-N-A, S-N-B, A-N-B, for the
sagittal relationship, and S-N/MP, S-N/PP, PP/MP, for the
vertical relationship (Figs. 1 and 2).
Ten randomly selected cephalometric radiographs were dig-
itized twice, with one week interval by the same examiner.
Pearson’s correlation coefﬁcient was computed to assess the
reliability between all sagittal and vertical digitized and re-dig-
itized variables.
The means and standard deviations of the sagittal and ver-
tical variables representing the sagittal position and vertical
inclination of both the maxilla and mandible for the centroid
(C-N based) and the conventional (S-N based) cephalometric
angles were calculated. Since the intermaxillary sagittal and
vertical relationship, represented by A-N-B and PP/MP,
respectively are the same and not affected by both analysis,
they were excluded as variables from our statistical compari-
son between the centroid and the conventional angles in our
investigation.
The mean value of each of the remaining two sagittal and
the two vertical variables of the conventional S-N based angu-
lar measurements were subtracted from the corresponding
mean value of that sagittal and vertical variable of the C-N
based angular measurements, i.e.,
Sagittal variables: C-N-A ðÞ S-N-A ¼ D-C-S-A
C-N-B ðÞ S-N-B ¼ D-C-S-B
Vertical variables: C-N=MP ðÞ S-N=MP ¼ C-C-S=MP
C-N=PP ðÞ S-N=PP ¼ D-C-S=PP
The resulted subtracted mean difference for the four groups
were statistically tested using the one way ANOVA and Tukey
multiple comparison Post Hoc test. The signiﬁcance level was
set at P< 0.05.Statistical analysis was performed using the SPSS 13 Pro-
gram (SPSS Inc., Chicago, Illinois, USA) for Windows.
3. Results
The results indicated high correlation between the endings of
the ten digitized and re-digitized data (Table 1). The net sagit-
Table 2 Mean and standard deviation for the values of the sagittal and vertical centroid and conventional variables with the
subtracted difference.
Centroid (C-N based) analysis Conventional (S-N based) analysis Centroid () conventional subtracted
diﬀerence
Variable analysis Mean SD Variable analysis Mean SD Variable Mean SD
C-N-A 87.62 7.69 S-N-A 82.31 3.07 D-C-S-A 5.31 7.73
C-N-B 85.28 7.72 S-N-B 79.94 3.28 D-C-S-B 5.34 7.73
A-N-B 2.36 1.35 A-N-B 2.36 1.35 N/A N/A N/A
C-N/MP 28.43 4.96 S-N/MP 34.52 4.91 D-C-S/MP 6.09 2.80
C-N/PP 2.80 8.25 S-N/PP 8.11 3.87 D-C-S/PP 5.32 7.73
PP/MP 26.41 4.73 PP/MP 26.41 4.73 N/A N/A N/A
Table 3 One way ANOVA to compare the sagittal and
vertical subtracted C-N and S-N based angles.
(l) Group (J) Group Mean diﬀerence (I  J) Signiﬁcant
D-C-S-A D-C-S-B 0.02754 1
D-C-S/MP 11.40596* 0
D-C-S/PP 10.62982* 0
D-C-S-B D-C-S-A 0.02754 1
D-C-S/MP 11.43351* 0
D-C-S/PP 10.65737* 0
D-C-S/MP D-C-S-A 11.40596* 0
D-C-S-B 11.43351* 0
D-C-S/PP 0.77614 0.93
D-C-S/PP D-C-S-A 10.62982* 0
D-C-S-B 10.65737* 0
D-C-S/MP 0.77614 0.93
Standard error = 1.28162.
* The mean difference is signiﬁcant at the .05 level.
I = the tested individual subtracted sagittal or vertical C-N and S-
N based angles.
J = the remaining three subtracted sagittal or vertical C-N and S-N
based angles that were tested against.
Table 4 Tukey multiple comparison Post Hoc test.
Group N Subset for alpha .05
1 2
D-C-S-A 57 5.314
D-C-S-B 57 5.3416
D-C-S/MP 57 6.0919
D-C-S/PP 57 5.3158
sig. .930 NS 1.000 NS
NS = not signiﬁcant.
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by the A-N-B and PP/MP angles were not affected by neither
the C-N nor the S-N reference lines. The mean and standard
deviation of the C-N based, the conventional S-N based and
the subtracted difference values of the investigated sagittal
and vertical variables were presented (Table 2).
The one way ANOVA showed statistical difference between
the four sagittal and vertical subtracted mean values
(P= 0.000) (Table 3). Tukey multiple comparison Post Hoc
test also showed that the subtracted mean values of the sagittal
variables were statistically different than the subtracted mean
values of the vertical variables (P= 0.000). However, there
was no signiﬁcant difference between the subtracted mean
values within the individual sagittal and vertical variables
(P= 1.00 and P= 0.93), respectively (Table 4).
4. Discussion
The reliability of the study indicated that the digitization
technique, the method used for cephalometric landmark iden-
tiﬁcation and data collection was signiﬁcantly reliable. This
was in support to what was reported on the reliability and
reproducibility of scanned and computer digitized images
(Turner and Weerakone, 2001; Bruntz et al., 2006; Sayinsu
et al., 2007; Roden-Johnson et al., 2008).
A new Centroid-Nasion (C-N) reference line was created
utilizing the ‘‘S&H Centroid’’. The new C-N based analysis
and the conventional S-N based analysis, both have the same
ability to evaluate and establish the sagittal and vertical inter-
maxillary relationship, since both share the same A-N-B (sag-
ittal), MP/PP (vertical) cephalometric angle.
Table 2 showed that the subtracted mean values for the sag-
ittal variables were almost the same (5.31) and (5.34), and the
subtracted mean values for the vertical variables were almost
similar (6.09) and (5.32). Tables 3 and 4 statistically conﬁrm
that the subtractedmean values of the sagittal variables were the
same with no statistical difference between them. The same with
the subtracted mean values of the vertical variables which were
again statistically the same with no difference between them.
Therefore, the values (5.31), (5.34), (6.09) and (5.32) could
be considered constant, with the sign of the sagittal values being
positive (+), and the vertical values were negative (). This
could be interpreted as to reﬂect reliable constant cephalometric
inclination of themain non-anatomical soft and hard tissue cen-
troid line for such homogenous sample.
Thus our statistical ﬁndings in Tables 3 and 4 indicated that
the C-N based analysis was not statistically different from theconventionally used S-N based analysis. The new C-N
reference line had the ability to evaluate and distinguish
between the sagittal and vertical maxillo–mandibular relation-
ship as the conventionally used Sella-Nasion (S-N) reference
plane. However, the use of the C-N based analysis has the
advantage over the conventional S-N based analysis in that,
it is not affected by the abnormality in tipping or tilting of
the anterior cranial base (S-N plane) if it exists.
The inclusive and exclusive criteria limited the sample to the
57 cephalometric radiographs expressing one type of
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maxillo–mandibular angular measurements. Increasing the
sample size as well as involving different sagittal (Skeletal
Class II and Class III) and vertical (skeletal open bite and deep
bite) malocclusion may be needed to further investigate and
validate this research concept.
5. Conclusions
A Centroid-Nasion (C-N) reference line was created utilizing
the newly introduced soft and hard tissue centroid. The digiti-
zation technique was reliable. The C-N reference line appears
to be as useful in establishing and differentiating between the
sagittal and vertical maxillo–mandibular relationship as the
conventionally used anterior cranial (S-N) based cephalomet-
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